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(Streptomyces ahygroscopicus var.
gongzhulingensis , 1971) . 4% % (Streptomyces
ahygroscopicus var. wuyiensis , 1979) . 5
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x1 IBEHEGXEER
Table 1. Information of sampling sites

Distribution characteristics of physical and chemical

Sampling site Number Group Longitude/E Latitude/N factors in soil samples
pH TOC/(g/kg) TP/% TK/% TN/%
Sanmenxia SMSDA, SMSDB, A 111.15° 34.78° 7.24 6.75 0.029 1.01 1.10
beach SMSDC
Sanmenxia SMLWA, SMLWB, B 111.16° 34.78° 7.31 15.20 0.082 1.21 1.37
reed SMLWC
Zhengzhou ZHSDA, ZHSDB, C 113.39° 34.55° 7.17 2.46 0.009 0.38 0.31
beach ZHSDC, ZHSDD,
ZHSDE, ZHSDF
Zhengzhou ZHLWA, ZHLWB, D 114.39° 34.54° 7.16 14.40 0.096 1.44 1.18
reed ZHLWC
Kaifeng KFDBA, KFDBB, E 114.46° 34.55° 7.31 6.37 0.041 0.53 0.92
beach KFDBC, KFDBD,
KFDBE, KFDBF
#2 NBEEFRERHEAS
Table 2. The isolation media and their compositions
Media Components/(g/L) Antibiotics/(mg/L)
M1 Starch 5.0, Glycerol 5.0, Proline 1.0, (NH4),SO, 1.0, NaCl 1.0, CaCl, 1.0, Nystatin 50.0, Aztreonam 25.0
K,HPO, 1.0, MgS0O,-7H,0 1.0
M2 Histidine 0.10, Raffinose 1.00, Na,HPO, 0.50, KCI 1.70, MgSQO,-7H,0 0.05, Novobiocin 50.0, Rifampicin
FeSO,-7H,0 0.01, CaC03 0.02 20.0, Nalidixic acid 50.0
M3 Amorphous cellulose 5.00, KH,PO, 0.50, KNO; 0.20, KCI 0.10, MgSO,-7H,O Nystatin 50.0, Nalidixic acid
0.30, NaCl 0.10, FeCl; 0.01, NaNO; 2.50 50.0, Aztreonam 20.0
M4 Xylan 5.00, Casein 0.30, KNO; 0.20, KH,PO, 0.50, KCI 0.10, MgS0O,4-7H,O Nystatin 50.0, Nalidixic acid
0.30, NaCl 0.10, FeCl; 0.01, NaNO3 2.50 50.0
M5 Humic acid 1.00, Na,HPO, 0.50, KCI 1.70, MgSO,-7H,0 0.05, FeSO,4-7H,0 Nystatin 50.0, Aztreonam 50.0
0.01, CaCl, 1.00
M6 Starch 20.0, KNO; 1.0, Na,HPO, 0.5, MgSO,:7H,0 0.5, NaCl 0.5, 10% -
FeSO,4-4H,0 2 drops
M7 Sodium propionate 2.0, Casein hydrolysate 0.3, KNO3 0.1 Nystatin 50.0, Nalidixic acid
50.0, Aztreonam 20.0
M8 Glucose 1.0, Yeast extract 1.0, Malt extract 2.5, CaCO; 0.5 Cycloheximide 50.0,

Novobiocin 50.0, Aztreonam
25.0

1.2 BRI R

APEN . JEEURESS DNA J5, %08 Zhai %
(2016) 1 7 B 5L T 16S rRNA KL B4 %3514
#EFT PCR 973, 55— 24 Mg i i R T e e 1 5 |
Pyt 243F (5'-GGATGAGCCCGCGGCCTA-3')HI
A3R (5'-CCAGCCCCACCTTCGAC-3"); 9"
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45|91k S-D-Bact-0341-b-S-17 (5'-CCTACGGGN
GGCWGCAG-3')fll S-D-Bact-0785-a-A-21 (5'-GAC
TACHVGGGTATCTAATCC-3); PCR =4 ffi ] 2%
VA 1) B e BB S A T LKA, ARSI 5 A i R
PCR =¥l i, #iddfi PCR F= Wik i1 745 it
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PCR 79, i IR [mlseastn) & mllie H 7=, it
FH Mumina NEB & PRl & AT SRR,
1Y SCPE S AT SCRE ke, oL A G A 1Y SCE
Iumina HiSeq 2500 #E4 70 ¥ . # 38 0 7 A5 21 1)
Ji iy RS A, 228 AL 1R03 (base calling) 73 A
F AR R JEL R I T 1741 (sequenced reads). i Ak
B (1) {8 FLASH v1.2.7 #1F, @1t overlap %t
BANFE AL Y reads FEATHRE , 152 0P 5 R 5
I Tags #(#E(raw tags); (2) {8 Trimmomatic
v0.33 B4, XTPFEAS 2 Raw Tags #EATd3E,
B S TR Tags %4 (clean tags); (3) fiiH
UCHIME v4.2 i, &I LG Wrsl, 15
B 5 A OB (effective tags). 45 R0 HT: (1)
OTU Z3#r: i QIIME (version 1.8.0)#{4:riy
UCLUST X Tags 7€ 97%IWAHBIE KPR A 75
2. A3 OTU, FHEETF Silva (ZH18) 532524 5t g
X OTU #7328 188 (2) Alpha ZHEPESHT
fdi ] Mothur (version v.1.30) k{4, XF#ESE Alpha
ZREETR BGHEAT VRN o O PUEBCHE it (B Y 2 AR PR
B, 3 BT ERREAE T e SN B A T AR HEAL 5 (3) Beta
AP ] 22 5000 . [ QUIME #1147 Beta
ZFEY: (eta diversity) /b, HCECAERE S EY) R
AV TR AE AR LR BE

1.3 AR o R

131 HEmTALIE . IR L AT R A o B
BB, ACE TC R KU H AT 1-2 Ji . B
2.0 g W BB ACRFE SIS 18.0 mL JCT& 7K Y
I, 180 r/min $k%% 1 h.

132 AEEFBEENAE . aib KR :
W A L 1) RV A TR R R, R 107
T 107 W FEAE & 200 L For BI04, ¥
T, B IMBRER 31 ELE ., T 28°C A&

BEFEFP R E R SR 1 e AR TE AR KR, R
WHTEIEA . A 225 S PR R TR TR TR
Sy RIEERI R M6 REFRIL b alifh, ARPEAlb AR 1
AVIFRIERIAE ORIRE T R EE, KBREEEW
FIMEIRAET 25% H i, —80 °C i
1.3.3 Mk DNA #RE. ¥ ¥ K&FF a8 KA
CTAB 7L #EHUF Pk DNA; 16S rRNA JEH % PCR
YRR | P E R S S5 1 243F F1 ASREL,
25 uL PCR Wik % . 2xEasy Tagq Master Mix
12,5 uL (%545 Tag DNA A, dNTPs, 25 hii |
MgCl,. 7R #5), 10 umol/L 5|44 0.5 ul, ity
DNA 1 puL,ddH,0 10.5 uL,PCR §" M4 F2 % 4y : 94 °C
5 min; 95 °C 1 min, 59 °C 30 s, 72 °C 90 s,
35 /MEFR; 72 °C 10 min; PCR =#fdi ] 1%
W BEE BC LUK o 261 Bk T RE SRR BB AR 1) 16S
rRNA L7 TAE A TAEY TR () R0 A
B2 R 58 5o K T AR A5 19 16S rRNA JE R 751 78
NCBI #i e rh 43 3l i 4T BLAST X, #fiE 52
RGBT R R o B AR AR AH R & 1Y
16S rRNA JSE[H 751, i MEGA 6.0 #{4Fik47 Lt
AR EE AR ML SR ELFM . Fr
BB B D 16S rRNA [ F 584 2 #5¢
GenBank i F, FEHRAS TN T I & RS .
1.4 FEDUEHEREPRI L

SR FH R IR 3% 77 125460 0 T30 T 53 15 0 5 AL 00 i
SR B IRIVE R o 43 TR TR DA 5 A D D
k25, FER 5 mm BTFLA TG AR T B 5,
FIEEAFEHA 9 cm (1Y PDA Az g, FEEH
% 3 em ZbHERD HARIE A, 28 °C fHIRKE TR
R e TR, DIASHERI i )t e A s 77
PSRN GO VSR U i 17 = s R & PO HEp
JEBRT BRI V& ELAE R 8 cm B, 1SR SEIR A TR H K/
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15 EHAEYE BAERERE T E

AWFFE 5 & PCR 514)(= 3)%t 5 Fho Ak
RPEATP 3, 20 ul PCR JZ iR R fufE: 2xEasy
Taq Master Mix 10 pL, 10 pmol/L 5|#14 0.5 uL,
FEH DNA 1 ul, ddH,0 8 uL. PCR =¥ 1%35
BB Jg L K A DU

2 HERMAH

2.1 EBHRIEFF A E ST
ISR o NN O = ST 5 o
1679624 %} Reads, X Reads $f#% . i 8 5 4L~
7 1292948 4% Clean tags, “FI4FEM =4
61569 4% Clean tags, %& I LA kT4,
V-3 B A FE B A Y B &R ST 91 (Effective
Tags) i 58544 2% M4 A R AU K, XA
BOF AT OTU il 43, i i QIIME (version 1.8.0)
B UCLUST!M™SE Tags 78 97%H AR BLEE /K
SR TR, K1G OTU, AT Silva (41FH)
Y ISEERHRIENT OTU ibATor 824k, 455
B 1-a Fros, T dsb vl Tn) g b R4S M B ] 3l 1) ik
LARVRERA — 2, Yy T =1 Wi e iy e il

FIRERL, 7 25 00 M A= 53 B ik 2 T A 0 A B0 e TR
AEBEI D s AN [RI Hb AR B TR TR ) A 3 A L AN
Bl 1-b s, B R F KR 10 B4 F
HA ¥ #r4 I & Others, Unknown 3 15 2] 43
RAE R IRN . F AT UL, I g PR I b T 1
SRR MR A, R LA R
A Nocardioides ., Streptomyces , CL500-29 marine group .
Fodinicola, Mycobacterium F1 Micromonospora, Itt4},
W HA KRR FISERE, R U g 18 T 0 A
A& w WA, HEA —E NP ki
.

Alpha Z £ (Alpha diversity) /s 4Nk 4
i~ . e Chaol Fil Ace $5 53/~ YFh == BE RN 4
Fpg A £ /b, Shannon $E Bk, Simpson 1§
BB, BEIRE S AR ZRE MG, d ]
W, WM E M RN TE
Coverage &/~ OTU 5%, HEE# R, WIFEA
H A BRSSO BN AR
M , R AT, 24 P OTU 2 1 R 27 99%
DL b, FRWIACHI SR v SO A A o ey,
LAY T AN I 85 R T &E

* 3. DheeERFAR PCR 514

Table 3. PCR primers for amplifying the biosynthetic genes used in this study

Target genes Primers Sequences (5'—3’)
PKS I K1F TSAAGTCSAACATCGGBCA

M6R CGCAGGTTSCSGTACCAGTA
PKS 111 KS, F TSGCSTGCTTGGAYGCSATC

KS; R TGGAANCCGCCGAABCCTCT
NRPSH! A3F GCSTACSYSATSTACACSTCSGG

ATR SASGTCVCCSGTSCGGTAS
AHBAR P1 AGAGGATCCTTCGAGCRSGAGTTCGC

P2 GCAGGATCCGGAMCATSGCCATGTAG
HMGAM HMGF GGGCATCGCCGCGACCCTCGTCGACGAGCG

HMGR GCGATGACGGCGAGGCGGCGGGCGTTCTC
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@ a0 ® 100
1276 = Unknown
== Others
1200 + .
80 1 Actinomadura
1000 | S —— m Corynebacterium 1
5 3 [ — W= = deromicrobium
2 - e
£ 800} g 60r g % = [amia
g <
; _c;:' Micromonospora
S 600 - E 40 L m Mycobacterium
% llumatobacter
800 A~ w Fodinicola
200 20 ¢ = CL500-29_marine group
' m Streptomyces
0 0 = Nocardioides
A B C D E  Total A B C D E

1. ARE#mF OTU HomE(A)FERKE LS HE(B)
Figure 1. OTUs (a) and genus-level distribution (b) of actinobacteria in different samples. A: Sanmenxia wetland
(Beach); B: Sanmenxia wetland (Reeds); C: Zhengzhou wetland (Beach); D: Zhengzhou wetland (Reeds); E:
Kaifeng wetland (Beach).

# 4. Alpha ZHMESITER
Table 4.  Alpha diversity index

Sample ID oTuU Ace Chaol Simpson Shannon Coverage
KFDBA 1054 1127.2448 1118.5076 0.0166 5.2507 0.9968
KFDBB 1130 1177.7445 1194.4624 0.0123 5.4854 0.9974
KFDBC 1138 1195.8428 1229.1765 0.0102 5.5592 0.9970
KFDBD 1131 1175.0714 1175.4206 0.0088 5.6045 0.9976
KFDBE 1123 1183.7162 1187.0496 0.0113 5.3876 0.9970
KFDBF 1171 1213.4685 1218.6944 0.0101 5.5493 0.9976
SMLWA 944 995.3716 1001.8673 0.0209 4.9584 0.9974
SMLWB 936 987.3723 989.5294 0.0172 5.0675 0.9975
SMLWC 935 987.4610 1014.2857 0.0194 4.9913 0.9973
SMSDA 852 922.9842 943.8987 0.0162 5.1312 0.9967
SMSDB 896 967.4408 987.1765 0.0125 5.2785 0.9964
SMSDC 954 994.5600 1007.1548 0.0181 5.0794 0.9977
ZHLWA 1096 1166.2384 1181.1622 0.0252 5.0825 0.9967
ZHLWB 844 929.4481 1001.5500 0.0371 4.6831 0.9966
ZHLWC 1010 1086.7318 1090.5966 0.0394 4.6658 0.9968
ZHSDA 1091 1152.8325 1160.0789 0.0317 4.8929 0.9971
ZHSDB 896 945.9618 947.5625 0.0441 4.6512 0.9976
ZHSDC 1111 1170.8314 1197.4433 0.0230 5.0992 0.9969
ZHSDD 1092 1146.4547 1141.2339 0.0131 5.3734 0.9974
ZHSDE 1124 1180.8065 1201.5618 0.0102 5.5532 0.9971
ZHSDF 1034 1162.2319 1169.0082 0.0150 5.1595 0.9956
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TERAE T Z A e, il TR P B R
WS 2 22K, ANIa) A S5 1) P i 0 20 ol 22 5 B Ol b
F ., B LU R HE A )y i 15 50 . BT
unweight_unifrac [3F B & 2 4E 4R € 1 (non-metric
multi-dimensional scaling, NMDS)&—Fii& T4
SR HET ik, FERE 24 MR
X R A B YE 2 [ FEAT e AL A A 2E, [H]
FF SR B X0 G2 8] Ji ks 56 JR A o A Tk o o
G5 2 o, SRERH, TR s i 2
W A oA B I R A 25 ek, BRI =T T
55BN R PR A0 b 2 [] A i 4 TR 2 RV AR A
W R 22 55 [RIA, B0 M b iR TR 2 RE AT
TE MG S, BIVAR R 1 55 o 0 b ) ik 2 T
ZAEEAEAERR A AR, R =1 T i
AR TR Y 25 SRR T R T el Y 22
S . Beta ZHEMEZE R E RN 3 Pk, [F
— SR N, AN TR AR B 2 )R T AT
M R 25 5, RO =0 ot b, DR RIS =5 MY
AR ZREVEAEE I A 22 575 IeAh, AN [w] sk

KaiF
s SMX
+ ZZhou

A

10 -05 00 05 10 15
NMDS| (Stress=0.065)

2. EF unweight_unifrace B NMDS 4%

Figure 2. NMDS analysis by unweight unifrace.
KaiF: Kaifeng wetland; SMX: Sanmenxia wetland;
ZZhou: Zhengzhou wetland.
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0.30

k%

e
)
o3

<
o
S

Weighted unifrac
o o
S O
|
|

0.05 -+ -

0.00

3. #T weight_unifrace 89 Beta Z M4 EF 2
Figure 3. Beta diversity analysis based on the
weight_unifrace. A: Sanmenxia wetland (Beach); B:
Sanmenxia wetland (Reeds); C: Zhengzhou wetland
(Beach); D: Zhengzhou wetland (Reeds); E: Kaifeng
wetland (Beach). The abscissa represents the grouping;
The vertical represents the distance; The different color
boxes represent the groups. * represents a significant
difference; ** represents a extremely significant
difference.

WA, TR AR BE R TR 2 R P A AE I Y
S, BT = et K M 1 e v Y
R T Z R AR B 22 57
2.2 EIBH T SRR R T B e B R
FIAY B 5537 36 M1-M8 Xt 21y 4 S % i ik
1T TR 4 B 35 5%, alifb £ 5 R IR A
4337 261 PR(FK 5), ¥ K15 1Y 261 tRINZ A 16S
rRNA 5: 75 41 43 5l 76 NCBI B4 e v Bk 17
BLAST HXF4AT Al AT, 261 BRI ZR B 4346 ik
il 7B, BRI H (Actinomycetales) |
3% Q& H (Pseudonocardineae) . N M2 #F &
H (Propionibacterineae) . /N B 1 H
(Micromonosporales) . ##T i H (Corynebacteriales) .
W H 4% 7§ H (Streptosporangiales) Fl i sk &6 H
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#5 BWUEHAEFRMEETBER

Table 5. Culturable actinobacteria isolated from the Yellow River wetland

Order Family Genus No. of isolates No. of OTUs
Actinomycetales Sterptomycetaceae Streptomyces 220 79

Actinomycetaceae Actinomyces 2 2
Pseudonocardineae Pseudonocardiaceae Amycolatopsis 3 2

Actinosynnemataceae Lechevalieria 2 2
Propionibacterineae Nocardioidaceae Nocardioides 11 3
Micromonosporales Micromonosporaceae Micromonospora 10 9
Corynebacteriales Nocardiaceae Nocardia 5
Streptosporangiales Streptosporangiaceae Nonomuraea 2
Micrococcales Promicromonosporaceae Promicromonospora 1 1
Total 261 105

9 MBL, g3 2 uE W R
(Sterptomycetaceae) . it £k i FF(Actinomycetaceae) .
3%+ FC # &L (Pseudonocardiaceae) . o 22 it 28 14
K~ K E R
Beom oW F
(Micromonosporaceae) . # I~ &+ (Nocardiaceae) .
101 T T Bl (Streptosporangiaceae) Fl J5i /)N B T )
(Promicromonosporaceae); 9 ~&, 437l iR
J& (Streptomyces) . it 2k i & (Actinomyces) . 1 oA
"2 i J& (Amycolatopsis) . 41 4 FL ¥ K H &
(Lechevalieria) . 253K [ J& (Nocardioides) . /s
il % J& (Micromonospora) . i K K H &
(Nocardia) . F ¥4 [G I J& (Nonomuraea) Fl i /)N HL
1 7% J& (Promicromonospora), 4% @ L H ki %
St aniE 4 Fos .

2 & LA R A it v 1Y) 0 B AR ERORT 4 g A
RIE 5 o, o3 R EBE B YRR I
Streptomyces spp. . Nocardioides spp... Micromonospora
spp. il Nocardia spp., %453 5 KGR AK W Z
PO EE REEA — B, TERT R SR bk, BETS
B E R 220 B, HESEIPRAY 84.3%, HUUR

(Micrococcales) ;

Bl (Actinosynnemataceae) .

(Nocardioidaceae) . /N

K RIREE . N E R RIREE, 209
11 Bk 10 RN 8 Ak, HoA R AR T 23 B T R AR
o FMIZRTE 16S rRNA JER S AR 99%
A E{EM, 261 R B P AT 53Ky 105 4~ OTUs,
AJREANER 105 M Fh, Hob, SEETEYIRN 79 4,
INELFLTR AT 9 A4S, MR IREHIF 5 4, FREI
[ R URITS IR i1 €2 AR 7/ U P Rk o 12y
Mras A b, AT FR I W 2R AR, TR 3R
R T EE R T S X PR, mE R R, B
R TR TR TR RRE, 2T
CL500-29 marine group, H #3532 B & & 4
Fh 4n CL500-29 marine group . Fodinicola .
Ilumatobacter . Mycobacterium, lamia , Aeromicrobium ,
Corynebacterium £ Actinomadura 25 - % 45 43 B 3k
PRAIIGFRTARR, DRI, B 0T B InT Y i e TR 1)
BRI SR ER I TRt — 2P 5E

WAk, o3 B RR A 8 BRI 16S rRNA B [H T
5115 GenBank H 2 AU A1 1Y LEXF 45 RAK T 97%,
A REJE TORTR (FP) (R 6). KB BTIE b n] 55 5% ik
LWAHET S, Hal BB AE— SR B e 1Y
Bk
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Figure 4. Maximum-Likelihood phylogenetic tree based on 16S rRNA gene sequences between representative
actinobacteria and related strains. The dots in the figure are represented the actinobacteria strains isolated from soil
samples, the triangles are represented unknown species. Bootstrap values are shown (for 1000 iterations). Bar: 0.02
substitutions per site.
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S
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Actinobacterial isolates
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5. FiAX@EMERPHLEERKT LS HE(QFMAREEATMAM LR R KT LRREE (D)
Figure 5. The percentage of the numbers of actinobacteria in genera level isolated from all soil samples (a) and
the numbers of actinobacteria in genera level isolated from different yellow river wetlands (b). A: Sanmenxia
wetland (Beach); B: Sanmenxia wetland (Reeds); C: Zhengzhou wetland (Beach); D: Zhengzhou wetland (Reeds);
E: Kaifeng wetland (Beach).

F* 6. SRAEHREY 16S rRNA E[E FFIHELIER T 97%8Y 8 #R o B E#k
Table 6. Isolates that shared <97% 16S rRNA gene sequence similarity with the nearest type strains

Strain No. GenBank No. The closest typical strain Sequence similarity/%
WLU244 MG856133 Streptomyces coeruleorubidus (EU841625.1) 92.3
WLU145 MG856134 Streptomyces wuyuanensis (KX352809.1) 94.1
WLM116 MG855987 Streptomyces coeruleorubidus (KY213674.1) 93.4
WLU205 MG856011 Streptomyces griseorubens (KJ020693.1) 94.6
WLM137 MG856064 Streptomyces aurantiogriseus (JN180195.1) 96.5
WLU111 MG855941 Streptomyces cyaneus (DQ462653.1) 97.2
WLM146 MG856073 Streptomyces scabiei (AY207602.1) 97.3
WLM168 MG856095 Nonomuraea kuesteri (FJ532449.1) 93.2

raminearum
124CK.

F. oxysporum f. sp. momodicae C. orbiculare G. graminis var. tritici E. turcicum

E 6. EBHEMKBIXMIFIEFRER
Figure 6. The dual culture results between actinobacteria strains and plant pathogens.
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Figure 7.  The distribution of five biosynthetic
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Diversity of actinobacteria in Henan Yellow River wetland and
screening of cultivable actinobacteria with biological control on
plant disease

Huijun Xi, Rui Zang, Chuang Liu, Ying Zhao', Caiyi Wen"

College of Plant Protection, Henan Agricultural University, Zhengzhou 450002, Henan Province, China

Abstract: [Objective] This study is aimed to analyze the diversity of actinobacteria in soils of the Henan Yellow
River wetland and screen actinobacteria strains which have antagonistic activity against plant pathogens.
[Methods] High-throughput sequencing based on Illumina HiSeq technology was used to analyze the
actinobacterial diversity and distribution in the Henan Yellow River wetland. We used eight selective media to
isolate actinobacteria from 21 soil samples collected from Sanmenxia, Zhengzhou and Kaifeng Yellow River
wetland. The cultivable actinobacteria were identified and phylogeny analyzed based on the 16S rRNA gene
sequences. The active isolates were screened using seven plant pathogens as targets, and 5 functional genes were
assayed, including polyketide synthases gene (PKS-I, PKS-II), nonribosomal peptide synthetases gene (NRPS),
3-amino-5-hydroxybenzoic acid synthases gene (AHBA) and 3-hydroxy-3-methylglutaryl coenzyme A gene (HMG
CoA). [Results] The high-throughput sequencing results indicated that the actinobacteria were abundant in Henan
Yellow River wetland and there were significant differences among different wetland areas and different habitats in
the same wetland. Nocardioides was the most frequently isolated genus, followed by the genera Streptomyces,
CL500-29 marine group, Fodinicola, Mycobacterium and Micromonospora. In addition, there are still a lot of
unknown groups. We isolated a total of 261 dereplicated strains, belonging to 7 orders, 9 families and 9 genera of
the phylum Actinobacteria. They were including 97 putative species and eight unknown species. Among them, 86
actinobacteria strains have antagonistic activity against plant pathogens; 74 strains contain at least one gene which
involved active metabolites synthesis. [Conclusion] Actinobacteria species diversity was abundant in Henan
Yellow River wetland and new species have potential as biocontrol agents against plant diseases.

Keywords: Yellow River wetland, actinobacteria, diversity, biological activity
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